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Microwave absorptionFerrite being a compound derived from iron oxides including magnetite and hematite possesses similar
properties as ceramics which are hard and brittle. Certainly, the mounting demand for electronics has
been a major factor driving the exponential growth of ferrite based materials. ZnO doped strontium-
natural nanoferrites of composition (80  x)Fe2O3:xZnO:20SrCO3, where x = 0, 10, 20 mol% are synthe-
sized and sintered via the solid state reaction scheme. Samples are characterized by SEM, XRD, VSM,
and VNA measurements to determine the impact of ZnO contents’ variation on the surface morphology,
structure, magnetic and microwave absorption properties. The Nicolson–Ross–Weir method is applied to
evaluate samples’ reflection loss. The average grain size of the strontium ferrite is found to reduce with
the increase in ZnO concentration. Materials sintered at 1100 C without ZnO incorporation are composed
of hexagonal SrFe12O19. Meanwhile, the addition of ZnO produces cubic ZnFe2O4 and SrFeO2 phases.
Insertion of ZnO results in reduction of magnetic parameters and reflection loss. Furthermore, the aniso-
tropy magnetic field of strontium natural ferrites displays a rapid drop from 350 kA/m to 79.6 kA/m with
the increase in ZnO. Strontium ferrite containing 20 mol% of ZnO exhibits superior microwave absorption
with reflection loss within 45 dB to 55.94 dB in the frequency range of 7–13 GHz. This facilely synthe-
sized a new class of materials which is believed to be economically promising for microwave absorption
applications in the GHz range.
 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
Presently, the advancement of wireless communication and
electronic devices is escalating at rapid space. Most of these
devices being operated in microwaves frequency domain have gen-
erated renewed interests to avoid the threatening electromagnetic
interference (EMI) effects. This EMI problem can be overcome via
the employment of new electromagnetic wave absorbing materi-
als. Consequently, the demand for achieving efficient materials
with strong absorption, wide absorption bandwidth, low density,
good thermal stability, low cost production, high corrosion resis-
tance, and physical stability is ever-increasing. Generally, two cat-
egories of materials including dielectric composite with conductive
fillers and magnetic composites have emerged as prospective
microwave absorbers [1].
Magnetic composites such as spinel- and hexa-ferrites are
widely used as efficient microwave absorbers. In the past, spinel
ferrites including NiZn and MnZn were exploited as electromag-netic waves absorber in the MHz frequency region [2,3]. Neverthe-
less, such spinel ferrites are not efficient absorbers over the GHz
frequency domain due to their Snoek’s restrictions assisted out-
sized reduction of magnetic loss [1]. Ferrites with hexagonal struc-
ture (hexa-ferrites) are considered to be the alternative materials
for GHz frequency applications [4,5]. Strontium hexa-ferrite crys-
tals with giant magnetic anisotropy field were demonstrated to
be a greatly potential material for electromagnetic wave absorber
[6–10]. On top, the cost-effectiveness, high coercivity field (Hc),
strong remanent (Mr) and saturation (Ms) magnetization are the
notable advantages of strontium hexa-ferrite [11–15]. However,
remarkable improvements of their absorption and magnetic field
anisotropy (HA) properties require the substitution of Fe3+ ions in
the crystal lattice. This modification is a pre-requisite to shifting
the resonance frequency (fr) and altering the anisotropy magnetic
field strength [4]. Despite few studies on strontium hexa-ferrite
not many efforts are dedicated toward the substitution of Fe3+ with
Zn2+ in the strontium-natural nanoferrite.
This paper examines the influence of ZnO dopants concentra-
tion variation on the magnetic and microwave absorption features
of solid state reaction synthesized strontium-natural nanoferrites.
254 W. Widanarto et al. / Results in Physics 5 (2015) 253–256ZnO dopants stimulated modifications in the surface morphology,
structural and magnetic properties of the prepared ferrites which
are determined via imaging and spectroscopy. Microwave absorp-
tion properties of the ferrite are investigated in X-band. Results are
analyzed, compared, and understood by attributing to various
mechanisms.
Experimental
A series of ZnO substituted strontium-natural nanoferrites with
chemical composition (80  x)Fe2O3:xZnO:20SrCO3, where x = 0,
10, 20 mol% are synthesized and sintered through the solid-state
reaction scheme. Commercial analytical grade SrCO3 (99.99%
purity, Sigma Aldrich) and ZnO (99.5+, Acros) are used as raw
materials. Following our earlier reported procedure, the nanofer-
rite materials of Fe3O4 are obtained by extracting and milling
natural iron sand [16]. Meanwhile, the natural nanoferrite
materials of cFe2O3 are acquired via oxidization of Fe3O4 at
800 C [17]. The chemicals are weighted and mixed thoroughly in
a porcelain crucible. The mixture is calcined at 850 C for an hour
and then milled in wet condition for an hour using high energy ball
milling (E3D). In the absence of any external magnetic fields the
mixtures are manually pressed to obtain ferrite pellets with a
diameter of 10 mm and thickness of 1.5 mm. These pellets are
sintered in an electrical furnace (Barnstead Thermolyne 1300) at
1100 C for 3 h under atmospheric condition and then naturally
cooled down to room temperature. Some pellets are crushed into
fine powder and encapsulated between a pair of transparent plas-
tics with a dimension of 2.5  1.5 cm2 and thickness of 1 mm.
Finally, these samples are coded as SF1, SF2 and SF3 for x = 0, 10,
20 mol%, respectively.
X-ray diffraction spectroscopy (XRD-Rigaku Miniflex600) with
Cu-Ka radiation (k = 1.541874 Å) is carried out to determine the
crystal structure. The surface morphology is imaged via scanning
electron microscopy (SEM). The room temperature magnetic mea-
surements are performed using vibrating sample magnetometer
(Oxford VSM 1.2H), where the external magnetic field is swept
between 1 and 1 T [17]. The higher external magnetic field is
applied for domain shape and size alteration through boundaries
movement [18]. This process is continued until the macroscopic
specimen is transformed to a single magnetic domain structure
to exhibit saturation magnetization. The correlation between mag-
netization (M in emu g1) and external magnetic field (H in Tesla)
is established using the hysteresis loop acquired from VSM mea-
surements. Consequently, the values of saturation magnetization
(Ms), the remanent magnetization (Mr) and the coercive field (Hc)
are extracted [19]. Microwave absorption properties of the
as-synthesized ferrites in a frequency range of 7–13 GHz are
recorded via Vector Network Analyzer (VNA-Advantest R3770).
Scattering parameters (S parameters) in terms of complexFig. 1. SEM images of ZnO doped strontreflection and transmission coefficients are measured to determine
the relative permittivity and permeability at a given frequency
and absorber thickness. The reflection loss curves are determined
using the Nicolson–Ross–Weir method through the following
equation [6]:
RL ¼ 20Log Zin  1Zin þ 1

 ð1Þ
where RL is the reflection loss in dB and Zin is the input impedance of
the absorber which is estimated using the expression,
Zin ¼ lrer
 1=2
tanh j
2pfd
c
ﬃﬃﬃﬃﬃﬃﬃﬃﬃ
lrer
p   ð2Þ
where f is the frequency, c is the velocity of light, d is the thickness,
lr is complex relative permeability and er is the complex relative
permittivity of the absorber.Results and discussion
Fig. 1 shows the SEM images of ZnO doped strontium-natural
nanoferrite structures. The morphology manifesting the non-
homogeneous surface and grain size (1–15 lm) distribution
clearly revealed the effect of ZnO addition into the structures of
such ferrites. Particle size in the un-doped sample (SF1) is found
to be bigger than the doped one. The incorporation of ZnO caused
the formation of uniformly distributed new smaller particles on
the surface which are finally attached to the larger particles.
Furthermore, the surface porosity displayed a reduction with
the increase in ZnO concentration.
Fig. 2 illustrates the XRD patterns of the ZnO doped strontium-
natural nanoferrites. In the absence of ZnO (SF1 sample), the
pattern is dominated by the diffraction peaks of SrFe12O19 corre-
sponding to the hexagonal crystal system. Addition of 10 mol% of
ZnO (SF2 sample), new crystal phase of ZnFe2O4 with cubic struc-
ture at 2h = 30 is evidenced. The peaks of SrFe12O19 crystal still
dominate despite some disappearances. The peaks corresponding
to SrFe12O19 crystal structures are completely disappeared as the
ZnO concentration is increased to 20 mol% (SF3 sample). Con-
versely, ZnFe2O4 and SrFeO2 crystal phases with cubic crystal sys-
tem appeared. The presence of ZnO in the hexagonal structure
slightly shifted the diffraction peak position. This shift is attribu-
ted to the change in lattice parameters of the ferrites which in
turn is responsible for the phase transformation of the hexagonal
SrFe12O19 to cubic SrFeO2 structures. The average crystallite size
of all samples is in a range of 4.3–64 nm, estimated using
Debye–Scherrer equation [16,20]. It is found that the crystallite
size of SF2 sample is the smallest compared to other samples, i.
e. 24–28 nm.ium-natural nanoferrite structures.
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Fig. 2. XRD patterns of the ZnO doped strontium-natural nanoferrites.
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Fig. 3. Room temperature magnetic hysteresis curves of the ZnO doped strontium-
natural nanoferrites with ±1 T magnetic field sweeping.
0 5 10 15 20
0
10
20
30
40
50
20
40
60
80
100
120
100
200
300
400
M
s 
(A
 
m
2 /K
g)
ZnO (mol%)
H
c 
(k
A
/m
)
H
A 
(k
A
/m
)
Fig. 4. ZnO concentrations dependent magnetic parameters (Ms, Hc and HA)
variations of the ZnO doped strontium-natural nanoferrites.
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Fig. 5. Microwave frequency dependent reflection loss of the ZnO doped strontium-
natural nanoferrites.
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synthesized ferrites are depicted in Fig. 3. The un-doped sample
(SF1) exhibited the best magnetic performance (hysteresis curve)
withMr = 28.62 A m2/kgandHc = 0.14 T (111 kA/m). Themagnetiza-
tion is observed to enhance with the increase in the external
magnetic fields and saturated at HA = 0.44 T (350 kA/m) with
Ms = 43.90 A m2/kg. The mass magnetic susceptibility (vm) of SF1
is 1.25  104 m3/kg.
Incorporation of ZnO in the ferrite structures is found to reduce
the magnetic parameters with a sudden drop at 20 mol% as shown
in Fig. 4. This rapid decrease is ascribed to the substitution of Fe3+
ions in the octahedral site by Zn2+ ions that is accountable for the
reduction of the magnetic field anisotropy and the resonance
frequency in ferrites.
Fig. 5 demonstrates the ZnO dopants concentration dependent
changes in the reflection loss of strontium-natural ferrites. Six
distinct microwave frequencies are strongly absorbed by the pre-
pared ferrites. The observed absorption is accompanied by a slight
shift in the peak frequency at 11.8 GHz. There is no effective
absorption in X-band for the undoped strontium hexaferrite due
to its high magnetocrystalline anisotropy. Substitution of Fe3+ in
the octahedral site by Zn2+ ions is discerned to significantly affectthe microwave absorption of such ferrites. SF3 sample containing
20 mol% of ZnO displayed the highest absorption with a reflection
loss in the range of 45 to 55.94 dB. It is established that these
ZnO substituted strontium-ferrites are prospective as a microwave
absorber.
Conclusion
A simple yet accurate solid state reaction method is used to
make ZnO substituted strontium-natural nanoferrites. The influ-
256 W. Widanarto et al. / Results in Physics 5 (2015) 253–256ence of varying ZnO contents on the magnetic and microwave
absorption properties of these ferrites are scrutinized. Incorpora-
tion of ZnO in the strontium ferrites is demonstrated to alter the
structure via phase transformation and considerably modified the
magnetic response as well as microwave absorption. It is asserted
that the magnetic and reflection loss parameters of the strontium
ferrites are robustly guided by the presence of SrFe12O19 crystal-
lites in the structure. The substitution of ZnO remarkably reduces
the magnetic parameters and enhances the microwave absorption
capability. The admirable features of the results suggest that our
systematic method of sample preparation and subsequent
characterizations are beneficial for the production of strontium-
natural ferrite materials suitable for the microwave absorber.Acknowledgment
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